The objective of the experiment was to evaluate the productivity, nutritional value and degradability of forage and silage of wheat (Triticum aestivum cv. BRS Umbu) and black oats (Avena strigosa cv. Embrapa 139), preceded by successive cuts, harvested at the hard dough stage, subjected or not to treatment with pyraclostrobin fungicide. Plants were harvested manually with a height of 0.08 m from the ground surface, at the hard dough stage, after two cuts at the vegetative stage; two applications of pyraclostrobin, 0.6 L ha -1 were made, before the first and the second cut. Pyraclostobin decreased the dry matter losses from 21.1% of the control system to 7.7% for the system with pyraclostrobin, reduced the neutral detergent fiber from 70.05% to 66.73%, decreased detergent fiber acid from 43.37% to 39.96%, decreased lignin from 14.37% to 10.13% and increased the relative value of the food from 75.27% to 82.72%, all in the forage, which resulted in changes in silage, with a decrease in neutral detergent fiber from 64.00% to 58.46%, acid detergent fiber from 38.76% to 35.87%, lignin from 10.11% to 6.78% and an increase in the relative value of the food from 85.87 to 97.26. In the evaluation of the forages, wheat presented the best productivity, with 10,068 kg ha -1 vs. 8,238 kg ha -1 black oats, lower neutral detergent fiber (60.32% vs. 76.46%), lower acid detergent fiber (34.49% vs. 48.84%) and higher relative value of the food (96.04 vs. 61.95), these data were from the forage, which were reflected in the resulting silage. It is recommended to use pyraclostrobin as it reduces losses during fermentation, changes fiber composition and improves the degradability of the food. Among the forages, the wheat was more promising, than black oats, due to its productivity, combined with its better chemical composition and degradability. Key words: Conserved forage. Degradability. Fungicide. Strobilurin.
Introduction
Preserved foods are of great importance to improve modern livestock systems, and preservation in the form of silage is the main source of feed supplied to ruminants in a feedlot system, in order to meet the nutritional requirements of the herd .
All forages have the potential to be preserved as silage, however it is necessary to evaluate which forage has the best nutritional qualities, higher productivity and lower costs, desirable conditions and characteristics in animal production.
To achieve the favorable characteristics at the time of ensiling, a number of factors must be taken into account, such as the cutting point and the morphological composition of the plant (PAZIANI et al., 2013) , which vary according to the materials chosen, the agricultural zoning, the technological level applied, knowing that these variations directly interfere not only with the productivity but also with the chemical characteristics of the resulting silage (GRALAK et al., 2014) . In regions where it is possible to grow winter grain crops, such as a large part of southern Brazil, these crops become one of the main alternatives for maximizing land use, minimizing degradation processes, increasing income and diversifying production of the property.
These cereals can be used for grain production, as green forage and also as preserved forage, in various forms (silages, haylage and hay). However, one of the main concerns in the cultivation of winter cereals is the high index of diseases, due to the characteristics of the winter of the Southern region, characterized as humid, with great amount of rainfall and cloudy days, making essential the control and prophylaxis of diseases , with the use of fungicides (REIS et al., 2001 ).
The use of fungicides has shown changes in productivity, not only by the reduction of losses related to diseases, but mainly to physiological changes of the plant, with the use of this practice (FERNANDES; PACININI, 1999) .
Given the above, the goal of the experiment was to evaluate the productivity, physical composition and nutritional value of the forage and silage of two winter cereals preceded by successive cuts, harvested at the hard dough stage, subjected or not to the application of pyraclostrobin fungicide.
Material and Methods
The experiment was conducted at the Animal Production Center (NUPRAN) belonging to the Agrarian and Environmental Sciences sector of the Central Western State University (UNICENTRO), located in the municipality of Guarapuava, State of Paraná, located in the subtropical zone of the state, at the geographical coordinates 25º23'02" South latitude and 51º29'43" West longitude and 1,026 m altitude.
The climate of the region according to the classification of Köppen is Cfb (subtropical mesothermal humid), with mild summer and moderate winter, with no defined dry season and with severe frosts. The soil of the experimental area was classified as typical haplohumox (POTT, 2007) , and upon the implantation of the crops had the following chemical characteristics (0 -20 cm profile): pH 0.01M CaCl 2 : 4.7; P: 
The climate of the region according to the classification of Köppen is Cfb (subtropical mesothermal humid), with mild summer and moderate winter, with no defined dry season and with severe frosts. The soil of the experimental area was classified as typical haplohumox (POTT, 2007) , and upon the implantation of the crops had the following chemical characteristics (0 -20 cm profile): pH 0.01M CaCl 2 : 4.7; P: 1.1 mg dm ).
The fungicide pyraclostrobin (commercial product Comet ® , BASF, 250 g L -1 of the active principle) was applied at a dose of 0.6 L ha -1 at two times during the vegetative phase, with the first application at the phenological stage V5 (elongation), and the second at 12 days after the first cut of each forage species. Spraying was performed with the aid of a motorized backpack sprayer, equipped with a bar containing four double flat fan nozzles, Twinjet TJ 60 110.02, 0.50 m spacing, with a volume of 200 L ha -1 and spray pressure of 2.0 kgf cm -2 .
After the two harvests at the vegetative and full vegetative stages, plants were harvested at the hard dough grain stage. The material was weighed for determination of fresh biomass production (kg ha -1 ).
Homogeneous samples of each material were sent to the laboratory to determine the dry matter contents of the plant, using a forced air oven set at 55 ± 5°C, where the samples remained until obtaining constant weight. The relationship between the weight of the material harvested in the plot, corrected for area unit and the dry matter content of the plant, allowed to estimate the dry biomass production (kg ha -1 ).
The remainder of the plot was processed in a stationary forage chopper (Nogueira), homogenized, weighed 500g of green material and then ensiled in vacuum bag experimental silos. After 260 days, the silos were opened and sent to the laboratory for determination of dry matter, using the aforementioned methodology.
The pre-dried samples of the original material were ground in a Wiley mill with a 1 mm sieve and analyzed for crude protein (CP) content by micro Kjeldahl method and mineral matter (MM) content by incineration at 550ºC (for 4 hours), as well as neutral detergent fiber (αNDF) and acid detergent fiber (αADF), both adding alpha amylase and lignin (LIG), following the methodologies described by Silva and Queiroz (2009) . From these values, hemicellulose (HEM) contents were calculated by difference between NDF and ADF, and cellulose (CEL) contents by difference between the ADF and the LIG. The total digestible nutrient (TDN%) content was obtained via equation [TDN% = 87.84 -(0.70 x ADF)], suggested by Bolsen (1996) .
The dry matter rumen degradability was determined by the in situ technique using nylon bags measuring 12 cm x 8 cm and with 55 μm pores containing 5 g of each material, ground to 1 mm, for later incubation in the rumen (NOCEK, 1988) . The incubation times were 0, 6, 12, 24, 36, and 48 hours, where the 0-hour time represented the soluble fraction of the dry matter. For this, two steers with 48 months of age, average body weight of 650 kg, and fitted with ruminal cannula were used.
The experiment was a 2 x 2 factorial randomized complete block design, with two forage species of winter cereals (wheat and black oats) associated or not with fungicide, with four replications each treatment. The results were tested by analysis of variance and the means were compared by the F-test at 5% significance through the statistical software SAS (1993). Data on the rumen degradation rate of the dry matter were subjected to regression analysis (proc reg) of SAS.
Results and Discussion
Results of the analysis of variance indicated no significant interaction between forage species and fungicide application, at the time of ensiling and the resulting silage.
The use of pyraclostrobin, regardless of the evaluated forage species caused no alterations (P> 0.05) in dry phytomass production of ensiled forage, however the dry matter losses were lower in silage treated with pyraclostrobin (9.6% vs. 20.1%) in relation to the control test (Table 1) . Table 1 . Dry matter production, dry matter losses (%) and dry matter content (%) of forage and silage resulting from wheat and black oats, preceded by successive cuts, submitted to application of pyraclostrobin. The use of pyraclostrobin may increase the productivity of wheat grains by 1,080 kg ha -1 (TROJAN et al., 2010) , and/or 2,837 kg ha -1 (KUHNEM JUNIOR et al., 2009) . It is also possible to increase total phytomass by 25.91 g soybean plant -1 (SOARES et al., 2011) . These productivity increases did not occur in the present experiment probably due to the production objective, with total plant harvest.
Losses during silage fermentation process are unavoidable, the methodology used to verify these losses was through the dry matter recovery index proposed by Jobim et al. (2007) . The lowest losses were found In the treatment with pyraclostrobin, according to Haer et al. (2015) , which may be related to the lower fungal load and the higher concentration of sugar in plants treated with pyraclostrobin, which provide a faster and more efficient fermentation, since the bacteria transform these sugars into acetic acid and lactic acid, mainly .
In general, considering only the effect of evaluated forage species, regardless of the application of pyraclostrobin, black oats obtained the lowest (P <0.05) dry phytomass production with 6,591 kg ha -1 in relation to wheat with 8,054 kg ha -1 . Regarding dry matter losses, there was no difference (P> 0.05) between forage species, with a mean value of 14.9%. Leão et al. (2017) analyzed different winter cereals for silage production and reported the lowest losses of dry matter for barley with 8.4%, followed by wheat with 17.2%, white oats with 17.4% and black oats with 22.0%, showing differences in losses between species.
With respect to the average dry matter content of ensiled forage and resulting silage, it was observed that the treatment with pyraclostrobin showed lower values (P <0.05) (33.9% and 31.7% vs. 45.5 and 40.4%, respectively) compared to the control.
Although the harvest was carried out at the same vegetative stage, the treatments showed different dry matter contents, and the treatment with pyraclostrobin presented within the ideal dry matter values for the ensiling process, which vary from 32% to 40% dry matter .
In the comparison between forage species, the forage dry matter content was higher (P <0.05) in wheat (41.9% vs. 37.1%) compared to the values found in black oats. In turn, dry matter contents of the resulting silage were similar (P> 0.05) between wheat (36.1%) and black oats (34.1%) ( Table 1) .
It can be observed in Table 2 that the use of pyraclostrobin, independently of the evaluated forage species, promoted an increase (P <0.05) in mineral matter content of the ensiled forage (4.2% vs. 3.2%) and the silage (4.0% vs. 3.6%) compared to the control; while for the crude protein content, there were no changes (P> 0.05) in both forage at the time of ensiling and in the resulting silages.
In general, considering only the effect of evaluated forage species, regardless of the application of pyraclostrobin, it was verified that black oats had higher (P <0.05) mineral matter contents both in forage at the time of ensiling (4.5% vs. 3.2%) and in the resulting silage (4.3% vs. 3.3%), compared to wheat; while for crude protein content, the behavior was opposite, with lower values (P <0.05) in black oats (8.4% vs. 9.4%) compared to wheat at the time of ensiling and similar values (P> 0.05) in the resulting silage (8.3% vs. 8.6%) ( Table 2) . Leão et al. (2017) stated that black oat silage presents higher values of mineral matter compared to wheat, which increases the buffering capacity and can hinder fermentation and pH lowering, making silage susceptible to deleterious effects caused by microorganisms.
The use of pyraclostrobin, regardless of the evaluated forage species, resulted in significant reductions (P <0.05) and very important alterations in the chemical composition of the plants, both in forage at the time of ensiling and in the resulting silage, where on average the neutral detergent fiber (66.7% and 58.5% vs. 70.0% and 64.0%, respectively) and acid detergent fiber (40.0% and 35.9% vs. 43.4% and 38.8%, respectively) contents were lower than the control. As for hemicellulose contents, these were similar (P> 0.05) with or without the use of pyraclostrobin in forage at the time of ensiling, but in the evaluation of the resulting silage, the lowest hemicellulose content was found in the treatment using pyraclostrobin (22.6 % vs. 25.24%) compared to the control (Table 3) . According to Mendes et al. (2008) , the application of strobilurin leads to the increase in neutral detergent fiber compared to the control, due to the higher height of the treated plant, however the data do not corroborate the data of the present study, in which the neutral detergent fiber values were lower with the application of pyraclostrobin.
For acid detergent fiber values, Mendes et al. (2018) found no differences between the treatment with strobilurin and the control. With the application of pyraclostrobin at the vegetative stage and the forage harvested at the hard dough stage, it was possible to find a reduction in acid detergent fiber, possibly due to the lower concentration of structural components due to the green effect of pyraclostrobin (VENANCIO et al., 2004) .
For the hemicellulose contents, there were no differences as for the application or not of strobilurin and as for the application stage (MENDES et al., 2018) , the same occurred in the present study where there were no alterations (P> 0.05) in the contents of hemicellulose. Table 3 . Neutral detergent fiber (%), hemicellulose (%) and acid detergent fiber of forage and silage resulting from wheat and black oats, preceded by successive cuts, submitted to application of pyraclostrobin. Averages, followed by upper case letters, in the column, in the comparison between treatments with and without fungicide, differ by the F test at 5%. Averages, followed by lower case letters, in the column, in the comparison between forage species, differ by the F test at 5%.
In comparing forage species (Table 3) , regardless of whether or not piraclostrobin was applied, it was found that black oats had higher (P <0.05) neutral detergent fiber (76.5% and 64.3% vs. 60.3% and 58.2%, respectively) and acid detergent fiber (48.8% and 38.8% vs. 34.55 and 35.9%, respectively) contents, both in forage at the time of ensiling, as in the resulting silage, relative to wheat.
Black oat tends to have higher content of neutral detergent fiber, probably because it presents lower grain yields, compared to the other species studied (MEINERZ et al., 2012) , which reduces the dilution of the fiber, which can be employed for acid detergent fiber concentrations. In addition to this, black oats has higher height (FONTANELI et al., 2007) , requiring higher concentrations of structural carbohydrates to avoid lodging.
It can be observed in Table 4 that the use of pyraclostrobin, independently of the evaluated forage species, determined significant reductions (P <0.05), both in forage at the time of ensiling and in the resulting silage, as for lignin contents (10.1% and 6.8% vs. 14.4% and 10.11%, respectively) and a significant increase (P <0.05) in the relative value of the food (82.7% and 97.3% vs. 75.3% and 85.9%, respectively) compared to the control. The cellulose contents remained stable (P> 0.05) both in forage at the time of ensiling and in the resulting silage with or without pyraclostrobin.
In the comparison of forage species, regardless of the application or not of pyraclostrobin, it was verified that both forage at the time of ensiling and in the resulting silage, black oats had higher (P <0.05) cellulose contents (36.3% and 28.6% vs. 22.5% and 24.4%, respectively) and lower (P <0.05) relative value of the food (61.9 and 85.4 vs. 96.0 and 97.7%, respectively) in relation to wheat. Lignin contents were similar (P> 0.05) in both forage species, both in forage at the time of ensiling and in the resulting silage.
It is possible to observed higher values of intercept (Table 5 ) regarding the ruminal disappearance rate of dry matter, which can be referred to as soluble nutrients, for the treatment with application of pyraclostrobin, in ensiled forage, with a mean of 27.76% vs. 22.84% of the control, showing that the use of pyraclostrobin increases rumen degradability. In the forage average, the ruminal disappearance rate of dry matter was better for the treatment with application of pyraclostrobin, with 0.64 vs. 0.52% per hour of incubation The intercept point for ruminal degradability of dry matter of ensiled forage from different species showed that wheat presented higher contents of soluble nutrients compared to black oats, regardless of whether or not pyraclostrobin was applied. In the evaluation between the forages, it is possible to verify that the black oats had less degradation per hour, resulting in the end with a lower degradability.
For the resulting silage, the same forage line is used, where the application of pyraclostrobin to soluble nutrient results is higher (27.76 vs. 26.13%) compared to the control trial. The dry matter rumen degradation rate was also higher for the treatment with pyraclostrobin, which reached 0.59% per hour vs. 0.44% of the control, resulting in higher degradability values for the pyraclostrobin-treated material.
According to Figure 2 and Table 5 , it is possible to verify that, at the time of ensiling, as well as in the resulting silage, there was difference (P < 0.05) in the rumen degradation rate under individual effects to the application or not of pyraclostrobin with individual effects on the comparison of forages. Figure 2 . Rate of degradability dry matter degradation rate of forage and silage resulting from wheat and black oats, preceded by successive cuts, submitted to application of pyraclostrobin. Figure 2 . Rate of degradability dry matter degradation rate of forage and silage resulting from wheat and black oats, preceded by successive cuts, submitted to application of pyraclostrobin.
The changes in the chemical characteristics of forage at the time of ensiling and in resulting silage, mainly the lower content of lignin, led to a better in situ degradability of the materials treated with pyraclostrobin, and it can be inferred that there are higher contents of total digestible nutrients, such as the data of Haerr et al. (2015) . Despite the higher content of total digestible nutrients, the aforementioned The changes in the chemical characteristics of forage at the time of ensiling and in resulting silage, mainly the lower content of lignin, led to a better in situ degradability of the materials treated with pyraclostrobin, and it can be inferred that there are higher contents of total digestible nutrients, such as the data of Haerr et al. (2015) . Despite the higher content of total digestible nutrients, the aforementioned authors found no differences in degradability for corn silage treated with pyraclostrobin. Averages, followed by upper case letters, in the column, in the comparison between treatments with and without fungicide, differ by the F test at 5%. Averages, followed by lower case letters, in the column, in the comparison between forage species, differ by the F test at 5%. 
Conclusion
The use of pyraclostrobin in wheat and black oats for silage production decreased losses during fermentation and storage and led to changes in the fiber portion of the plant, resulting in better ruminal degradability rates.
Wheat was more promising for silage production than black oats, because it combined higher production with better chemical characteristics and rumen degradability of dry matter.
